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Objective
Our objective is to design a low risk, low kinetic energy, disposable, semi-autonomous,
host-deployed, on-orbit asset to observe the exterior of a “host” spacecraft, such as the
International Space Station (ISS) or large space-based telescope, with minimal risk to the
host vehicle and its crew.

Background
As NASA learned in the Columbia tragedy, the lack of external inspection capability can
lead to catastrophic results. In less extreme cases, the ability to inspect any high-value
spacecraft could provide early warning for impending failures or maintenance, and could
reduce requirements for time-costly robot-arm operations and/or high-risk Extra Vehicular Activity (EVA).
In the extreme environment of space, two of the primary risks to vehicles are orbitaldebris/micrometeorite impact and leakage of pressurized resources (gases and coolant).
Identification of these dangers could prevent further damage as well as help to facilitate
determining the next course of action. Although the value of spacecraft inspection is well
-established, virtually no current spacecraft (including ISS) possess inspection capability.

Requirements
The primary design is for inspection of ISS. It can be applied to operate on other missions such as space-based telescopes or interplanetary craft.


Must provide a net risk-reduction to the ISS and it’s crew



Must limit possible damage due to collision by limited maximum relative velocity



Must meet all requirements set for visiting vehicles of the ISS [1]



The primary payload for the inspector will be its
computer vision system. This stereoscopic camera system will not only serve as the inspection
payload itself but also as an integral part of the
navigation system.
The entire navigation system is just as important
as the inspection payload to ensure safe operation
during the extent of the mission. The inspector
must be able to accurately determine its navigational state relative to the host, calculate efficient
corrections, and effectively perform the proper
maneuver - all while relaying telemetry and controls to ISS.
Other subsystems included are required for secondary functions to support primary tasks and to
meet all mission requirements.

Must have the ability to communicate and relay telemetry/controls directly with ISS



Must have manual override and abort procedures

The inspector requires high quality cameras for inspection purposes. Therefore, these
will also be used as a primary form of navigation. Algorithms were written in our lab to
tailor to our specific environment [8]. There are two main algorithms involved. The first
determines the relative attitude of the inspector relative to ISS and the second is used to
determine the distance to a target. Combining these we can obtain a snapshot of the attitude and position of the craft. This, along with the other sensors, can be used to propagate and update the inspectors state.

Functional Diagram of the CubeSat Inspector

Design and Layout
A 3U form factor provides a balance of size and capability. The layout of the systems was chosen to allow the greatest
distance between the two cameras and to maximize the controllability of the inspector.

Must have deorbit plan for end of life



Must not require any alterations to ISS

The two primary modes of controlling translation and attitude of the inspector will be
cold gas thrusters and reaction wheels.

The propulsion system will also be specifically designed to protect against jet fail on and
jet fail off scenarios.

Current and Future Work

Over the years there have been several platforms with proven technologies that are required for a semi-autonomous free-flying inspector. However, none of these were designed specifically to inspect the International Space Station and all of the previously
published free-flyers required re-rendezvous.

Current efforts are directed towards finalizing some of the more crucial design choices
before moving onto detailed subsystem design. Test simulations for the state determination have already been started within NASA’s EDGE software. The next steps are to apply the vision navigation algorithm to a physical testbed and start live trials. This will also allow us to start incorporating more of the navigation system into the experiments. In
parallel to testing our state determination software, we will also be able to further develop our propulsion system and navigation control system. Our next major milestone will
be getting our combined testbed operational and physically navigate on an air bearing
surface primarily using a handrail within view of the inspector.

AERCam Sprint [2] and Mini-AERCam [3] were two of the earliest free-flying camera platforms developed by NASA. AERCam Sprint performed a test
flight from the Space Shuttle payload bay in late 1997. However, its
successor Mini-AERCam never made it into the testing phases. The
need for inspection capability has long been identified, but feasibility has been limited
by technology and cost.

CPOD [7] is a design from Tyvak and NASA that plans to demonstrate rendezvous and docking capabilities on a CubeSat platform. Although not designed
for inspection, CPOD will be a practical proximity operations demonstration.

Propulsion and Attitude Control

Translation will be achieved by a centrally mounted thruster subsystem assisted by the
reaction wheels. By incorporating reaction wheel assistance, the number of required
thrusters can be reduced as well as maximizing the effectiveness of each impulse.

Similar Platforms

SPHERES [4] was developed by MIT to serve as a free-flying testbed
aboard ISS. They first flew in 2006 and are still in use by NASA. They
fly within the pressurized volume of ISS and allow for modular testing of
different systems, including MIT’s VERTIGO [5] goggles which add a
stereoscopic computer-vision based navigation scheme. SPHERES has shown promising results but was not designed for use in vacuum. A proposed successor known as
SPHERES-X [6] could be capable of extra-vehicular flight but will require a
specialized launcher. It is also being designed to be utilized as a scientific
testbed and is not a purpose built inspector.

However, what really makes our system unique is the utilization of ISS EVA handrails. The majority of the ISS is covered
with numbered handrails to assist astronauts in EVA. Our system actually identifies these handrails and uses the handrail orientation relative to the camera to determine CubeSat relative pose.

Attitude will be controlled primarily with the reaction wheels for a finer level of control
and also to minimize pollution of the space around the host as a result of thruster firings.
Magnetic torquers will be used to counteract small disturbances and to assist in keeping
the reaction wheels away from their saturation points. The entire mission is short enough
that the reaction wheels shouldn’t require desaturation unless a malfunction occurs.

Must have the ability to download all telemetry and video to ISS or ground control after completion of mission



Computer Vision and State Determination
The state will be determined through the use of multiple sensors and methods passed
through a Kalman filter. These sensors include a GPS receiver, magnetometer, laser
rangefinder, and an innovative computer vision suite. The majority of the systems use
traditional methods with the exception of the computer vision system. This was developed by our lab specifically for safe proximity operations around ISS.

Must have sufficient propulsion and power budget to inspect at least one location anywhere on the ISS, assuming deployment from JSSOD or NanoRacks





System Architecture

Representation of Component Layout for CubeSat Inspector

Operations Concept
The inspector will act as a disposable on-demand asset. If inspection of a specific location or component is needed,
then the inspector can be deployed using any system capable of launching a 3U craft such as the JSSOD or NanoRacks
Deployer.
Navigation paths will be pre-calculated to provide an optimal route for a given inspection location. The inspector will
autonomously navigate until it reaches the inspection zone or an override occurs. Upon reaching the inspection zone,
control will be handed over to a human operator for detailed control of the inspection task itself. Once the inspector is
given the command or reaches critical fuel levels it will safely navigate away from the station and start its end of mission routine.
Upon reaching a safe separation from ISS, the inspector will download any additional telemetry and inspection data
before minimizing its orbital lifetime.
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